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Abstract
The effects of bilingualism, socioeconomic status, parental education, parental
income, and a child’s positive attitude on mathematical achievement have been quite
disputed topics during the past decades. Using the foundations of Cummins’ threshold and
developmental interdependence hypotheses, Coleman’s theory on social capital,
Vygotsky’s theory on language, and the functional attitude theory, this study investigates
if and how effectively these attributes predict mathematical achievement in fourth-grade
students. Using the latest iteration of the Trends in International Mathematics and Science
Study, multiple regression models evaluate the consequences of multiple language use,
individual social standing, and positive attitude effects on mathematical achievement with
a large sample size including seven countries. With exceptions in country comparisons, the
results yielded no mathematical achievement advantages for bilinguals, supporting
Strobel’s 2016 study. However, extreme achievement benefits emerged from students who
possessed positive attitudes towards mathematics, at least one highly educated parent, and
at least one parent obtaining a high income. Additionally, no net gains surfaced from
regression models including multiple language use and positive attitudes, presenting new
findings in this area of research. These results imply parental education/income are crucial
in early development and positive attitudes are highly contagious, both increasing
mathematical achievement in young children.
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Chapter I: Introduction
This chapter aims to provide a brief introduction to the proposed study. The
background of the problem is explained thoroughly. The proposed study’s statement of
the problem, purpose, and significance are briefly described. Four primary research
questions are presented along with four subsequent research hypotheses. Theoretical
frameworks are introduced, including assumptions, limitations, scope, and definitions of
key terms used throughout the study.
It could be considered that learning mathematics is strikingly similar to learning a
new language. A positive attitude may benefit a child’s mathematical potential. An
individual learning a new language has multiple obstacles to overcome, such as
deciphering the use of proper language structure and syntax to form complete and
understandable sentences. Individuals learning new concepts in mathematics have very
similar obstacles to overcome. For example, a basic understanding of mathematical
structure and syntax is needed to convert fractions into decimals (i.e. students require
knowledge of what the symbols in fractions and decimals represent and how to
manipulate them). Given these similarities, asking whether a bilingual child has an
advantage in mathematical learning over their monolingual peers is a question that begs
to be answered.
Many studies have aimed to answer whether bilingual children have an advantage
in mathematical learning over their monolingual peers (Elezi, & Kennedy, 2015,
Hartanto, Yang, & Yang, 2018). There has been evidence showing that bilingualism may
offer an advantage to a student’s proficiency in mathematics (Elezi, & Kennedy, 2015),
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however, there might be other predictors explaining a child’s mathematical achievement
in the classroom. These predictors include socioeconomic status (SES), parental
education level and income, the child's overall language proficiency, and school support
(Cai, 2019). As an example, it has been shown that children from lower SES families
perform more poorly on numeracy assessments than their peers who come from families
of middle to higher SES (Purpura, & Reid, 2016). Because the majority of studies
exploring the effect of these predictors focus only on individuals in the United States, a
global look across different countries could expand the literature.
Attitude is another predictor that may explain mathematical achievement.
According to the Merriam-Webster dictionary, attitude is defined as a “feeling or way of
thinking that affects a person’s behavior” (2022). Thus, an overall positive attitude could
be interpreted as a positive way of thinking that affects a child’s behavior constructively.
A fairly recent study has found that not only is mathematical achievement correlated with
a positive attitude towards math even after controlling for IQ, working memory, math,
general anxiety, and general attitude towards academics, but also that a positive attitude
yielded increased engagement of the hippocampus (Chen et al., 2018). The hippocampus
is found deep in the brain’s temporal lobe and plays a major role in learning and memory
(Chen et al., 2018, Anand, & Dhikav, 2012). Bilinguals have been shown to have “an
increased density of grey matter in the left interior parietal cortex” and more white matter
density in the anterior cingulate (Mohr et al., 2018). Simply put, this shows evidence that
bilinguals may have the ability to be better learners (Mohr et al., 2018). There has been
little research to determine whether or not the potential found in bilinguals along with a
positive attitude will have a significant influence on mathematical achievement.
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Background of the Problem
In the context of this study, bilingualism may be a powerful tool used to enhance
a child’s mathematical achievement. Focusing solely on bilingualism as a predictor of
mathematical achievement, key research findings have yielded important conclusions.
The following findings specify these conclusions and provide further support to the above
claim.
Findings from the work conducted by James Cummins in 1976 could be
considered the backbone for any research including bilingualism as a predictor of
cognitive success/growth. Cummins (1976) introduced his “threshold hypothesis” in
which bilinguals needed to reach a level of linguistic competence in both languages to
yield positive effects on cognitive function. The threshold hypothesis came with two
theoretical assumptions. The first is, that if the bilingual individual had not reached a
level of competency in the second language (L2) then this deficit would adversely affect
their cognitive growth. The second assumption posited that once the individual had
reached competency in coping with both languages, then the flexibility of understanding
two languages or the experiences gained by being bilingual provided access to an
improved cognitive state (Cummins, 1976). Abiding by these two assumptions is
paramount in ensuring Cummins’ threshold hypothesis is validated.
Vygotsky’s theory is interconnected to Cummins’ threshold hypothesis.
Vygotsky’s theory on language states that logical thought is dependent on language
development (Vygotsky, 2012). Vygotsky’s theory supports the theoretical assumptions
of the threshold hypothesis. Clearly, bilingualism can positively influence cognitive
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growth as long as the individual has reached a level of competency in both languages (i.e.
balanced bilingual). However, without this competency, it can be shown that bilingualism
adversely affects cognitive growth. Although competency must be acquired, Cummins
(1976) summarizes his findings by stating “because of its greater complexity, the
bilingual instrument is more difficult to master, but once mastered, has a greater
potential, than the unilingual instrument for promoting cognitive growth.” Cognitive
growth, therefore, critically hinges on the competency obtained in both languages.
A Papua New Guinea study by Clarkson and Galbraith (1992) used Cummins’
theory as a guide to investigate the effects of bilingualism on mathematics achievement.
The study affirmed support for Cummins’ lower threshold in that students with “lower
competence” in both languages had lower mathematical test scores. There was weaker
support for the higher threshold as students who had a “higher competence” in both
languages did score higher on mathematical tests. Still, only one test difference showed
to be statistically significant. The study has provided support in showing not only that
bilingualism could have positive effects on cognitive growth but also mathematical
performance.
Though Clarkson and Galbraith’s study supported the positive effects
bilingualism has on mathematical performance, Bernadette Strobel’s 2016 study
introduces results quite the contrary. Using data from ninth-grade students in Germany,
Strobel found “no net effects of language use on mathematics competencies after using
regression models that predicted the mathematical competences of immigrant students
from Turkey, Poland, and the former Soviet Union” (Strobel, 2016). These findings
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“prove the contrary to the assumptions of the Theory of Segmented Assimilation (TSA),”
which is a theory supporting immigrants falling into different segments in society
(Strobel, 2016). Nonetheless, a limitation to the study presented itself; “Language 1 (L1)
may only have measurable effects on parent-child relationships and education if the
parents are unable to communicate in Language 2 (L2)” (Mouw, & Xie, 1999).
Cummins’ threshold hypothesis does specify that to reap the positive benefits of
cognitive growth, the child must meet a certain level of competency in both languages
(i.e. balanced bilingual).
The literature supports that “balanced bilingualism” could positively influence
cognitive success and growth. This claim holds as long as competency in both languages
has been secured. Although the preponderance of literature linking bilingualism and
mathematical success cannot be denied, a refreshed study with global data may provide
enhanced results. Furthermore, analyzing the potential statistical significance across
different countries may yield results not yet researched.
Bilingualism, in itself, may not be the only predictor affecting a child’s
mathematical performance. In fact, SES and a parent's education and income have been
linked as significant predictors of a child’s mathematical achievement. It is important to
note that although parent education and income are commonly included as descriptors of
SES, they will be referred to as separate predictors for this study. New insights may be
revealed by dividing these predictors. The following research findings will expound on
this interesting revelation.
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Purpura and Reid (2016) found evidence that children who had at least one
college-educated parent performed higher on mathematical tests than those who had no
college-educated parents. This result could be explained by college-educated parents
possessing richer home environments to stimulate early mathematical growth and
potentially higher mathematical expectations due to their higher level of education
(Purpura, & Reid, 2016).
Additionally, Strobel performed analyses to test a parent's level of education and
its effect on children’s mathematical achievement. Strobel mentions “analyses separating
families with higher levels of education and families with lower levels of education
suggest that L1 use is more favorable in more educated families than in less educated
families, although no significant effects were observed” (Strobel, 2016). Strobel reasons
this outcome in a strikingly similar way to the aforementioned paragraph stating “this
result might be related to the higher quality of the resources that the students in more
educated families may attain through parent-child interactions” (Strobel, 2016). Although
not explicitly stated, higher parental income may also affect parent-child interaction since
families with higher income may have access to more resources than families with lower
income.
Hartanto, Yang, and Yang’s study, which will be mentioned below, furthers the
notion of parental income influencing mathematical achievement when coupled with
bilingualism. Research results indicated that “bilingualism positively predicted
mathematical achievement when covariates (age, sex, paternal and maternal education,
race, English proficiency, and, of note for our purposes, income) are controlled for”
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(Hartanto, Yang, & Yang, 2018). Simply put, bilingualism along with parental income
may be effective in producing positive effects on mathematical achievement.
The influences of parental education and income on mathematical achievement
are evident. In addition, when the effects of another predictor, SES, are tested with
bilingualism similar results are produced. Evidence from two large-scale studies with
subjects from kindergarten through elementary school found positive relations between
bilingualism and mathematical achievement when covariates were included (Hartanto,
Yang, & Yang, 2018). Two of the covariates, SES and language proficiency, were
important and produced different patterns of results in the mathematical word problem
section. When the covariates were excluded, bilingual disadvantages emerged. When the
covariates were included, bilingual advantages surfaced.
Exploring the potential statistical significance of bilingualism along with SES and
parent’s education and income will be another focus of this study. Further, investigating
which predictor (parent’s level of education, income, or SES) coupled with bilingualism
produces the strongest statistical influence, if any, may expose a gap in the research.
Another predictor only recently brought under the microscope yielded
pronounced positive results on mathematical achievement. A child’s attitude, positive or
negative, has always been thought to affect their mathematical achievement. Common
sense would associate a positive attitude with success and a negative attitude with failure.
Bilingualism along with a positive attitude towards math may enhance mathematical
achievement. A key study sheds noteworthy results.
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A 2018 study not only provided strong evidence linking a positive attitude with
mathematical achievement but expertly exposed the neurocognitive mechanism by which
a positive attitude toward math influences learning and achievement (Chen et al., 2018).
Through a variety of tests, the study indicated that “positive attitudes may lead to
increased recruitment of the hippocampus to facilitate more efficient encoding and
retrieval, leading to improved learning and task proficiency.” On the opposite side of the
spectrum, mathematical anxiety could be defined as a fear of mathematics for a variety of
reasons. Studies have provided evidence that math anxiety produces lower mathematical
performance (i.e. math anxiety can be a proxy for poor math performance) (Chang, &
Beilock, 2016). Generally speaking, students who have a positive attitude toward
mathematics should then have lower math anxiety, solidifying both study's results and
conclusions. This idea is further confirmed by Aiken who argues that “behavioral studies
have suggested that a positive attitude can reduce anxiety about learning, and enhance
motivation to succeed” (Aiken, 1976).
Seeking to uncover if bilingualism along with a child’s positive attitude has any
effect on their mathematical achievement will be a tertiary focus of this study. Balanced
bilinguals are known to have differently structured brains and methods of processing
information that differ from their monolingual peers. This advantage along with a
positive attitude may positively affect mathematical achievement. Researching this
question may not only fill gaps in the current research but also expand the literature.
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Statement of the Problem
The information provided below will serve to recap and further solidify the
reasoning behind the proposed study. The three main study focuses serve to enhance the
literature and attempt to answer questions not yet posed.
First, a refreshed study to discover if bilingualism along with a parent’s level of
education, income, and SES has any influence on mathematical achievement will serve to
enhance the literature. Additionally, if results yield significance for this influence, will it
differ across different countries? Answering this question may provide different results
than previous studies due to the variety and number of countries involved. Second,
focusing the lens on if any specific predictors (SES, parent’s education, or parent’s
income) has more significance than the others when coupled with bilingualism will
augment the previous study’s findings. Third, exploring whether bilingualism coupled
with a child’s positive attitude towards math significantly influences mathematical
achievement will provide new insights into the literature. Therefore, the main goal of the
study can be summarized by determining whether bilingualism along with certain
predictors (parent’s level of education and income, SES, and positive attitude towards
mathematics) have significant influence on a student's mathematical achievement.
Purpose of the Study
The data for this quantitative study will be solely extracted from the public-use
Trends in International Mathematics and Science Study 2019 (TIMSS) data set and
accompanying surveys. To obtain the variables required for the study, answers will be

9

extracted from questions in fourth-grade student, parent, school, and teacher surveys.
These questions identify bilinguals (specific responses will be used to attempt to
categorize balanced bilinguals) and determine parent’s highest level of education,
income, SES, and fourth-grade student’s attitude toward mathematics. Mathematical
achievement will be determined using graded mathematical test scores. At least five
diverse countries chosen from different geographic regions of the world (i.e. Asian,
European, Caribbean, etc.) will be included in the analysis, providing breadth.
This predictive study’s independent variables include bilingualism, highest parent
education and income, SES, and positive attitude, while the fourth-grade student’s
mathematical achievement will be the dependent variable. Once all variables are correctly
identified, the International Association for the Evaluation of Educational Performance
(IEA) International Database Analyzer (IDB Analyzer) will be used to organize and
extract the appropriate data. The statistical software suite, SPSS, will be used to conduct
multiple regression techniques and will provide evidence for or against research
questions and hypotheses.
Significance of the Study
This study may provide insight into the potential advantages or disadvantages that
specific predictors mentioned above have on mathematical achievement. Additionally, it
may provide superior recognition of positive and negative predictors for math educators
of different countries. Finally, results may promote early parental engagement in their
children’s learning to increase positive attitudes towards math skills and concepts.
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Primary Research Questions
The following research questions provided below aim to clarify and solidify the
focus of the study. This study intends to shed light on the following:
a. Is bilingualism, along with parent’s highest level of education, parent’s highest
level of income, and SES, significant predictors of mathematical achievement?
b. Does one specific predictor (parent’s highest level of education, parent’s highest
level of income, or SES) coupled with bilingualism produce a stronger statistical
significance on mathematical achievement than the others?
c. Do these predictors differ across countries where different languages are spoken?
d. Is bilingualism, coupled with a child’s positive attitude toward math, significant
predictors of mathematical achievement?
Hypotheses
The following hypotheses correspond to the above research questions and
represent testable predictions:
a. Bilingualism coupled with a parent's level of education, income, and SES will be
significant positive predictors of mathematical achievement.
b. Parent’s highest level of education coupled with bilingualism will be the highest
statistically significant positive predictors of mathematical achievement.
c. The predictors will not differ across countries where different languages are
spoken.
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d. Bilingualism, coupled with a child’s positive attitude toward math, will
significantly predict mathematical achievement.
Research Design
The data required for this study will be collected using the public-use data set
called TIMSS. The TIMSS database includes student achievement data as well as student,
home, teacher, school, and national context data for 64 countries and 8 benchmarking
participants (Fishbein, Foy, & Yin, 2021). Traditionally, TIMSS provides opportunities
for participating countries to evaluate their respective educational constructs amongst a
global backdrop. However, in this study, fourth-grade participant data will be extracted
from student and parent surveys and mathematical achievement scores.
Bilinguals will be determined by responses from parent and student surveys
specifying languages spoken at home. Similarly, the student’s positive attitude towards
math will be determined by responses to specific questions in student surveys. Levels of
parent education and income and SES will be separated into categories indicated by
included surveys.
The IEA International Database Analyzer (IDB Analyzer) will be used to extract
information about the variables listed above. Once all data has been categorized and
sorted, several multiple regression analyses will be performed and models will be
presented in an attempt to answer the research questions.
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Theoretical Framework
This study’s foundation is supported by the following four pillars:
1. Coleman’s Theory on Social Capital
2. Vygotsky’s Theory on Language
3. Cummins’ Threshold Hypothesis
4. Functional Attitude Theory
Coleman’s Theory on Social Capital
Parents who provide a rich and positive learning environment at home for
children to flourish are foundational concepts of Coleman’s theory on social capital.
Coleman defines three types of capital: financial, human, and social. Financial capital is
measured by the family’s income, i.e. physical resources that can aid in the student’s
achievement (Coleman, 1988). Human capital is explained by the parent’s education and
provides the learning environment necessary for cognitive growth (Coleman, 1988).
Social capital is the relationship between children and parents (Coleman, 1988). The
presence of social capital leans heavily on human capital. For example, there was an
investigation into why several Asian immigrant families purchased two copies of the
same required textbook for their child’s class. It was discovered that the second copy was
purchased by the immigrant mother to study to help her child succeed (Coleman, 1988).
This helps illustrate the importance of social capital being used to increase human capital
(i.e. social capital provides the learning environment necessary for the cognitive growth
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of the child). Therefore, it can be inferred that parents who effectively use all three types
of capital stand to increase the potential for their child’s cognitive growth.
Cummins’ Threshold Hypothesis
Cummins’ threshold hypothesis was presented in the “Background of the
Problem” section. Therefore, only a quick synopsis and review will be included below.
Cummins (1976) introduced his “threshold hypothesis” in which bilinguals needed to
reach a level of linguistic competence in both languages to yield positive effects on
cognitive function. Two assumptions were presented, inferring that balanced bilinguals
have the best opportunity to excel in any tasks requiring increased use of cognitive
functions, especially in mathematical environments.
Vygotsky’s Theory on Language
Critical thought and cognitive growth directly correlating with language
development and competency are one of the foundational concepts of Vygotsky’s early
theories. Specifically, Vygotsky’s theory on language states that logical thought is
dependent on language development (Vygotsky, 2012). As mentioned above, Vygotsky’s
theory supports the theoretical assumptions of the threshold hypothesis. In the context of
this study, bilingualism may positively influence cognitive growth, using Vygotsky’s
theory on language and Cummins’ threshold hypothesis as guides.
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Functional Attitude Theory
Beliefs and attitudes influencing psychological functions are the core of the
functional attitude theory. Both Daniel Katz (1960) and Smith, Bruner, & White (1960)
theorized attitudes typically fell into the following five categories: utilitarian, socialadjustive, value-expressive, ego-defensive, and knowledge. In the context of this study,
the knowledge category will be of interest. Katz (1960) states “attitudes that serve a
knowledge function help people gain a greater understanding of the structure and
operation of their world.” In other words, individuals that share attitudes toward
knowledge seek only to understand the world around them. Complex ideas are
encountered all the time in the study of mathematics. Children who have knowledge
attitudes, if you will, seek to understand those concepts purely to appreciate and
understand those challenging mathematical concepts. One could argue maintaining a
positive attitude only stands to increase the desire to seek and master knowledge, which
in turn may lead to increased mathematical potential.
Assumptions, Limitations, and Scope
Due to the nature of this study and the availability of the data, the assumptions
and limitations are inherently scarce. Data collection is provided by a reputable and
trusted source. Therefore, the assumptions include: that all parent and student surveys
were completed with honesty and there aren’t any breaches in the administered
mathematics exams. The assumptions ensure variables specified in this study are
accurate. On the other hand, limitations to the study are included below. First, parent
surveys may not indicate the level of language dialogue occurring inside the home.
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Second, different levels of bilingualism may not be able to be accurately captured via
survey questions.
The scope of the study ties in nicely with the significance. Again, this study may
provide insight into the potential advantages or disadvantages that certain predictors have
on mathematical achievement. Additionally, it may provide insight into the recognition of
positive and negative predictors for mathematics educators in different countries. Finally,
results may promote early parental engagement in their children’s learning to increase
positive attitudes towards math skills and concepts.
Definition of Terms
Socioeconomic Status (SES): According to the American Psychological Association,
socioeconomic status is defined as “the social standing or class of an individual or group.
It is often measured as a combination of education, income, and occupation.
Examinations of socioeconomic status often reveal inequities in access to resources, plus
issues related to privilege, power, and control.”
Positive Attitude Towards Math (PAM): According to the Merriam-Webster
dictionary, attitude is defined as a feeling or way of thinking that affects a person’s
behavior (2022). Thus, a positive attitude towards math will be interpreted as a positive
way of thinking that affects a child’s behavior in a constructive manner towards
mathematics.
Bilingualism: According to the Merriam-Webster dictionary, bilingualism is defined as
the ability to speak two languages.
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Balanced Bilingual: An individual who has reached a level of competency in both
languages has a positive impact on cognitive growth (Cummins, 1976).
Language 1 (L1): The first language learned by an individual, commonly referred to as
the heritage language, mother tongue, or the language spoken at home.
Language 2 (L2): The second language learned by an individual, usually the language of
instruction in the student’s school.
Highest Parental Education: The highest reported level of education by at least one
parent of a child. This has the following five categories: some primary education, lower
secondary or no school, lower secondary education, upper secondary education, postsecondary education but not university, university or higher (Fishbein, Foy, & Yin,
2021).
Highest Parental Income: The highest reported level of income by at least one parent of
a child. This has the following categories: never worked for pay, clerical worker, skilled
worker, general laborers, small business owner, and professional (Fishbein, Foy, & Yin,
2021).
Mathematical Anxiety: Math anxiety is defined as a feeling of tension, apprehension, or
fear that interferes with math performance (Chang, & Beilock, 2016).
Mathematical Achievement: In the context of this study, mathematical achievement will
be determined from mathematical scores.

17

Summary
In Chapter 1, several studies solidified the power that bilingualism along with
SES and parent’s education and income has in significantly predicting mathematical
achievement. First, a refreshed study with updated achievement data throughout a variety
of countries will serve to expand the literature. Second, the refreshed study will shed light
on any differences across selected countries. Finally, linking bilingualism with PAM may
provide new insights and expose a gap in the literature. Theoretical concepts including
Cummins’ threshold hypothesis, Vygotsky’s theory on language, Coleman’s theory on
capital, and the functional attitude theory were introduced and will be expanded in
Chapter II along with a detailed review of the literature. Chapter III will present the
methodology of the study, Chapter IV will clarify the results, and Chapter V will provide
conclusions, key findings, and recommendations regarding the study’s scope.
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Chapter II: Literature Review
The perception of bilingualism has changed throughout the past decades in the
United States. In the early years of the United States national development, Portes and
Schauffler (1994) describe “immigrant bilingualism as being frowned upon” and
“monolingualism, in schools and public life, as being linked to the idea of democracy,
national unity, and allegiance to the country.” It was not until the early 1960s that the
opposition to non-English language began to shift into a realization that bilingualism
positively affected cognitive growth. Internationally, European schools have
acknowledged the benefits of bilingualism and have “specifically designed curriculum as
multicultural establishments (i.e. where more than two languages function as a medium
of instruction)” (Beardsmore, 1993). It could be safely inferred that the positive effects of
bilingualism on cognitive function have been widely recognized amongst a current global
backdrop.
This ‘bilingual revelation’ motivated researchers to explore the possible positive
effects that bilingualism has on cognitive growth and function. It also raised questions on
whether or not it was the only factor playing a role in the development of children’s
cognitive function. Therefore, the goal of this chapter is to introduce relevant literature on
bilingualism, in itself, and its effect on a child’s cognitive function and hence,
mathematical success. The focus will then transition to the relationship of other factors
(SES, parent education and income, and a child’s positive attitude) and their effects on a
child’s mathematical success.
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This chapter consists of three sections that solidify four key points. The first
section reveals literature that expands on bilingualism as a sole predictor and the effects it
has on cognitive function to include mathematical success, working memory, and
executive functions. The second section will familiarize the reader with the current
research regarding the effects that SES and parent education and income have on
cognitive function in bilingual children. Finally, the third section introduces the
relationship between a positive attitude and mathematical success along with its proposed
direct counterpart, the relationship between mathematical anxiety and poor mathematical
performance.

Bilingualism
(A Sole
Predictor)

• Cummins' Hypotheses
• Two-Way Immersion
• Balanced Bilingualism

SES/Parent Education
•
and Income
•
(Additional
•
Predictors)

Rich Material Resources
Deeper Family Social Connections
Positive Parenting Styles

PAM/Mathematical
Anxiety

• Self-Efficacy
• Personal Goals
• Cortical Activation

Figure 1: A Roadmap to Chapter II
The following four key points will be solidified throughout the different sections
in this chapter:
1. Bilingualism has been linked as a positive predictor of mathematical success.
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2. SES and parent education and income could predict mathematical success in
bilingual children.
3. A positive attitude towards math supports mathematical achievement.
4. Mathematical anxiety typically results in poor mathematical performance.
Bilingualism (A Sole Predictor)
The Merriam-Webster dictionary defines bilingualism as the ability to speak two
languages (2022). However, the term ‘bilingualism’ has additional depth, especially
when viewing the potential power that a bilingual brain has on different cognitive
functions. Mohr et al. (2018) describe bilingualism as “being associated with higher
levels of cognitive control” and even recognize the term ‘Bilingual Advantage’ as “the
cognitive benefits of processing multiple languages.” However, some argue this
‘Bilingual Advantage’ does come with its set of disadvantages. Most notably, bilingual
children tend to have much smaller initial vocabularies in both languages compared to
monolingual children in the early stages of language development (Bialystok, 2007;
Paradis, & Jia, 2016). Additionally, bilinguals initially show evidence of “slower
language processing (including word-retrieval fluency), perhaps because one brain
processing two languages must sort through more linguistic information” (Mohr et al.,
2018). Although early disadvantages exist, they are short-lived and are absent from
proficient adult bilinguals (Michael, & Gollan, 2005). Undoubtedly, the early
disadvantages found in bilinguals are outweighed by the forthcoming advantages, and,
more importantly, there has been evidence from multiple studies highlighting the
cognitive advantages found in bilinguals.
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Importantly, James Cummins expansively researched and presented hypotheses to
explain the requirements on why bilinguals indeed reach higher levels of cognitive
growth than their monolingual peers. The developmental interdependence hypothesis and
the threshold hypothesis, both interconnected, are two of these requirements. Recall, the
threshold hypothesis is a supposition in which bilinguals are required to reach a level of
linguistic competence in both languages in order to yield positive effects on cognitive
function, visually depicted in Figure 2 (Cummins, 1976). Now, the developmental
interdependence hypothesis states that the level of competence the child has developed in
L1 correlates to the amount of competence the child will then attain in L2 (Cummins,
1979). In other words, an initial high level of competence in L1 generally leads to a high
level of L2 competency. So, using Cummins’ hypotheses as guides, if a child reaches a
certain level of competency in L1 then their L2 acquisition and level of competence will
be high. In turn, that level of competency is attained in both languages yielding the
results of an increased state of cognitive function and growth.
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Figure 2: Threshold Hypothesis Chart (Cummins, 1976)
These hypotheses hold for many research findings including Two-Way
Immersion (TWI) programs in recent years. First, in a TWI study conducted by Collier
and Thomas (2004), findings indicated “native-Spanish speakers in the two-way dual
language (bilingual immersion) schools were at or above grade level in both English and
Spanish in first and fifth grades.” The study further reveals that the student’s high
achievement in Spanish was greatly influenced by their high achievement in English
possibly due to their program implementing a higher primary language support system
(Collier, & Thomas, 2004). This validates Cummins’ findings toward the developmental
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interdependence hypothesis. Cummins (1979) mentions that in immersion programs for
majority language children, since the child’s competency with L1 is high then it is not
affected by higher exposure to L2. As a result, when the development of L2 increases and
the child becomes a more fluent bilingual, both their competency in L1 and cognitive
functioning increase (Cummins, 1979).
Second, in a study accomplished by Marian, Shook, and Schroeder (2013), there
was evidence to support balanced language instruction promoting reading academic
achievement in TWI programs. Interestingly, the strongest TWI advantages were shown
to be in math (Marian, Shook, & Schroeder, 2013). The authors note that this may be
explained by the “research on the nonlinguistic, cognitive benefits of bilingualism”
(Marian, Shook, & Schroeder, 2013). Again, lending support to the positive effects that
bilingualism may play on cognitive function and mathematical performance as well as
lending support to Cummins’ hypotheses.
Vygotsky’s theory on language fits the mold of both hypotheses introduced by
Cummins. With the competence of logical thought dependent on the level of language
development, bilinguals require a solid foundation in L1 competence to complete the
transition into a ‘balanced bilingual.’ Upon reaching the language competency of a
balanced bilingual, individuals tend to see improved cognitive growth and function
(Cummins, 1976). Emphasizing the term ‘balanced bilingual’ is vital to safeguard the
threshold hypothesis and its assumptions.
Balanced bilingualism being a significant predictor of mathematical success is
also presented in a case study conducted by Elezi and Kennedy (2015). Within the group

24

of non-US-born students, balanced bilinguals were shown to have the highest average
mathematics grades (Elezi, & Kennedy, 2015). Interestingly, when groups of children
were classified into geographical locations (Latin America, Asia, Europe, and the Middle
East), no languages showed stronger results when compared against each other (Elezi, &
Kennedy, 2015). This result shows further evidence that balanced bilingualism may offer
an advantage to mathematical success. The final results of this study agree with Jean’s
1998 study and “supports the theory that being a balanced bilingual provides some
advantage in mathematics, not only compared to monolinguals but to one-dominant
bilinguals as well” (Elezi, & Kennedy, 2015).
Jean’s 1998 study mentioned above is another suitable example of the power of
balanced bilingualism as opposed to one-dominant bilinguals (i.e. bilinguals that are
more proficient in one language than the other). Jean’s hypotheses were near mirror
images of Cummins’ hypotheses in that balanced bilinguals showed high levels of
cognitive function if they held high proficiency in both languages. The purpose of his
study was centralized on researching the levels at which bilinguals committed reversal
errors in mathematical word problems (Jean, 1998). Arguably, the most important result
found was that “balanced bilinguals were less likely than dominant bilinguals to generate
reversal errors in compare word problem solving” (Jean, 1998). This result backs the
hypothesis introduced and is in line with many other studies’ results. Although this is an
important result, Jean (1998) states that the significant main and interactive effects of
bilingualism in the compare word problems could have been influenced by other factors
not controlled in the study (e.g. varying levels of education and mathematical potential).
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This influence may weaken the study’s results and introduce holes that would be required
to research more in-depth.
Golash-Boza’s (2005) study explored potential advantages for bilinguals beyond
the functional ability to communicate with their parents. The study presents the
hypothesis that being bilingual provides advantages because it yields increased access to
community networks (Golash-Boza, 2005). The study’s results proved to support this
hypothesis only in certain regions. Bilinguals in Miami had advantages over their
monolingual peers due to increased access to community-level and institutional-level
networks, clearly indicating that “bilingual ability for Latinos in Miami is advantageous
beyond a functional ability to communicate with one’s parents” (Golash-Boza, 2005).
However, similar significant results were not found for the same language-speaking
bilinguals in San Diego. According to Golash-Boza (2005), “the results indicate that
community and group context play varying roles in determining whether or not bilingual
ability will lead to academic success.” So, although bilinguals are shown to have
advantages in academic success, the community in which they are based may become a
factor.
A plethora of examples presented above display how bilingualism is linked as a
positive predictor of mathematical success, cognitive function, and academic success.
However, bilingualism in itself may not be the only factor that predicts mathematical
success. SES and a parent's education and income have been linked as significant
predictors of a child’s mathematical achievement, which will be referred to as separate
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predictors for this study. Again, new insights may be revealed by dividing these
predictors.
SES/Parent Education and Income (Additional Predictors)
Increased mathematical success, cognitive function, etc. may be predicted by
other factors in bilinguals rather than the sole fact that they speak two languages. One of
these factors includes the child’s social class or standing, also known as SES. SES plays
an important role in the early development of a child; the most likely reason being that
children who have higher SES backgrounds typically have increased opportunities for
richer material resources, deeper family social connections, and positive parenting styles
that contribute to their early social and cognitive development (Bradley, & Corwyn,
2002). These advantages along with the child’s bilingualism may increase opportunities
to have improved cognitive function and growth than their monolingual peers.
In the United States, SES has been linked as a predictor of a child’s language and,
more importantly, school outcomes in bilinguals (Oller, & Eilers, 2002). Unsurprisingly,
Oller & Eilers (2002) describe how the advantages for children of higher SES
backgrounds translate into higher results on standardized tests for both monolingual and
bilingual children, on average nearly a half standard deviation above the scores from
those children of lower SES backgrounds. Oller & Eilers (2002) attribute these factors to
children from higher SES backgrounds containing richer home environments to include:
more books in the home, higher educated parents, a higher level of vocabulary being
spoken in the home, and better access to entertainment. Results from this study confirm
children from higher SES backgrounds see higher test scores and cognitive functioning.
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Perhaps the most important finding from the study is that SES only played a truly
important role for bilinguals and not for monolinguals (Oller, & Eilers, 2002). The role of
SES may be equally important to investigate in studies containing bilinguals.
Although it seems to be apparent that SES can predict mathematical success in
children, a study conducted in 2009 obtained findings quite the contrary. Byrnes and
Wasik (2009) report that propensity factors (e.g. pre-existing mathematical skills) were
more important mathematical achievement determinants in children than other antecedent
factors including SES and opportunity factors. However, the majority of conclusions
from current research show that SES is found to be a strong predictor of mathematical
achievement and working memory (Olsen, & Huang, 2021; Gunnerud et al., 2020).
A study that arguably provides the most context into determining the effects of
SES on a bilingual child’s potential mathematical success results from an Early
Childhood Longitudinal Study. Hartanto, Toh, and Yang (2019) found “both higher SES
and bilingualism were found to account for greater performance on the inhibition and
shifting aspects of executive functions (EF) and self-regulatory behaviors in the
classroom.” According to the Merriam-Webster dictionary, executive function is defined
as the group of complex mental processes and cognitive abilities (such as working
memory, impulse inhibition, and reasoning) that control the skills (such as organizing
tasks, remembering details, managing time, and solving problems) required for goaldirected behavior. Executive function could be thought of as being synonymous with the
definitions provided of cognitive growth, cognitive function, and academic success in the
context of this study. Therefore, the findings of SES and bilingualism accounting for
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increased performance in EF are crucial in the support of SES as a significant predictor.
Hartanto, Toh, and Yang (2019) link bilingualism and SES by stating “bilingualism
moderated the effects of SES by ameliorating the detrimental consequences of lowSES on EF and self-regulatory behaviors.” This underscores the strong effects that
bilingualism has on EF, especially in situations of households with low SES.
The positive influence of SES along with bilingualism on academic success and
EF is clearly evident. The studies above focused on SES in a traditional sense. This
literature review now pivots to another aspect of SES, parent education and income.
Exploring parent education and income as predictors reveal very similar findings about a
bilingual child’s mathematical success.
It may be apparent that as the level of parent education and income increases,
sharp increases in levels of their child’s cognitive growth and function closely follow.
Tabors, Paez, and Lopez (2003) discovered bilingual children with high scores in both
languages spoken possessed parents with higher educational levels. This concept may
logically follow due to a variety of factors. Typically, parent’s that have higher education
levels typically implement activities in the home that stimulate their child intellectually
and provide the child with specific resources to encourage cognitive growth. Similarly,
parents with higher incomes traditionally possess richer home environments created by
the ability to purchase educational resources that promote cognitive growth. Many studies
have provided similar conclusions.
Early studies, including Hart and Risley (1995), found “staggering contrasts at the
extremes of advantage in the amount of interaction between parents and children.”
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Additionally, there were discernible differences in vocabulary growth rate, vocabulary
use, and IQ test scores (measures of a child’s ability to succeed in the classroom) based
on different levels of early family experience (Hart, & Risley, 1995). Parent education
and income are seen to play a significant role in early family experience. For example,
Dixon, Wu, and Daraghmeh (2012) state income could be used as a means for purchasing
access to language learning resources (e.g., books in different languages, language
programs), experiences (e.g., discovery museums, zoos), or in the hiring of tutors to
improve language proficiency. On the other hand, parents with higher education levels
typically “possessed larger vocabulary levels, engaged in richer literary activities, and
talked with their children more than parents with less education” (Hart, & Risley, 1995;
Hoff, 2003). It follows then that advantageous early family experience may be heightened
by higher levels of parent education and income. In turn, providing increased
opportunities for children to develop increased levels of cognitive growth and function.
Lower levels of parent education and income and their resulting child’s cognitive
growth levels are interconnected as well. Mezzacappa (2004) found that children of lower
SES backgrounds (indexed by parent education, income, and occupation) showed
decreased abilities to control interferences against their executive attention (i.e., alerting,
orienting, and inhibitory control) compared to children of higher SES backgrounds.
Ardila et al. (2005) observed that “parental education significantly correlated with five-to
six-year old’s performance in the shifting aspect of EF, given the evidence that children
from low parental educated households are at greater risk of delays in EF development.”
The effect that both high and low parental education and income have on their children’s
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development and cognitive growth is double-edged. Low education and income tend to
favor lower levels of cognitive growth and function, with the reverse closely following.
With bilingualism and varying levels of SES potentially predicting mathematical
success in the context of this study, another potential predictor is introduced. A positive
attitude towards math and mathematical anxiety may be an important factor to consider
when evaluating mathematical success and cognitive function. Bilinguals who have a
positive attitude towards math may enhance mathematical achievement. Meanwhile,
bilingual students who exhibit mathematical anxiety may produce poor mathematical
performance. Key studies illuminate expected results.
PAM/Mathematical Anxiety
In general, a child’s positive attitude is thought to have a meaningful influence on
their academic success and learning (Pinxten et al., 2014). Logically speaking, a higher
positive attitude toward math should relate to higher self-efficacy and resulting academic
success. A claim is then introduced; when a student is not only a balanced bilingual but
also harbors a high positive attitude, increased academic success and cognitive growth
should closely follow. The following research findings will provide examples and
findings to support this claim.
Zimmerman, Bandura, and Martinez-Pons (1992) revealed that student’s personal
goals played significant roles in their academic success. In accordance with prior research
findings, as perceived self-efficacy rose, so did the goals students set for their academic
achievement (Bandura, 1991, Locke, & Latham, 1990). In turn, these higher goals
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influenced their attainment of these high academic achievement goals (Zimmerman,
Bandura, & Martinez-Pons, 1992). Confidence and a positive attitude may be a precursor
to higher levels of self-efficacy, as Zimmerman, Bandura, and Martinez-Pons (1992)
mention “students who perceived themselves as capable of regulating their own activities
strategically are more confident about mastering academic subjects and attain higher
academic performance.”
In fact, the assertion mentioned above is further supported by a more recent study.
Gjicali and Lipnevich (2021) suggest the following: “self-efficacy and control beliefs
have the strongest effect on mathematics behaviors, behavioral engagement is a predictor
of achievement, and attitude towards math has a positive relation to academic outcomes.”
Self-efficacy and attitude toward math clearly are related to positive outcomes in
academic achievement (Gjicali, & Lipnevich, 2021, Aiken, & Dreger, 1961).
Recall that the definition of attitude, according to Merriam-Webster’s dictionary,
is a feeling (i.e. emotion) or way of thinking that affects someone’s behavior (2022).
Valentijn et al.’s (2006) study is important when describing the power that emotions,
which affect behavior, play in the attainment of mathematical success. Evidence was
discovered that supported positive emotions influencing increased cognitive capacity and
enhanced working memory performance which may suggest brain systems involved in
affect, motivation, learning, and memory are important (Valentijn et al., 2006). Indeed,
balanced bilingual brains are structured differently and may possess more developed
portions of the brain responsible for learning and memory (Mohr et al., 2018). The
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combination of these two attributes, balanced bilingualism and a positive attitude towards
math, may enhance cognitive growth and function and predict mathematical success.
Merriam-Webster’s dictionary defines anxiety as apprehensive uneasiness or
nervousness (2022). Mathematical anxiety could then be described as apprehensive
uneasiness or nervousness towards math that deteriorates mathematical performance,
typically associated with “specific impairments in processing math-related or numberrelated tasks” (Chang, & Beilock, 2016). Mathematical anxiety, a counterpart to a
positive attitude, is usually associated with poor mathematical performance. The myriad
of research that supports mathematical anxiety as a proxy for poor mathematical
performance is detailed below.
Mathematical anxiety impairments that affect individuals have been found to alter
the brain’s functioning. During mathematical tests, students who confessed to having
mathematical anxiety showed lower cortical activation during the early stages of
processing numerical stimuli (Klados et al., 2015). Fennema (1989) states that an
explanation for the relation between mathematical anxiety and poor mathematical
performance could be that students who typically harbor anxious feelings towards math
display less math competence than their non-anxious math peers. The majority of
balanced bilinguals may have less mathematical anxiety due to the typical display of
higher mathematical competence than their monolingual peers.
An important 2013 study conducted by the Organization for Economic Cooperation and Development (OECD) found that “fourteen percent of the variation in
mathematical performance was explained by the variation in mathematical anxiety.”
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Importantly, this fact continued to hold even when SES was controlled for amongst
higher achieving students (OECD, 2013). Mathematical anxiety here is shown to be a
proxy for poor mathematical performance. These results are valid even at higher
education levels. Pre-college males with higher levels of mathematical anxiety had higher
levels of poor performance and mathematics avoidance than their female counterparts
(Hembree, 1990). All to show that whenever there exists mathematical anxiety in
students of all ages, poor mathematical performance is usually a direct result.
The advantages of balanced bilingualism along with a positive attitude may
enhance mathematical success. A positive attitude towards mathematics affects a
student’s performance and test results. However, mathematical anxiety is a proxy for
poor mathematical performance. Mathematical anxiety alters brain stimulation, decreases
confidence, and prevents academic success, especially towards mathematics.
Summary
The ‘bilingual revelation’ has motivated decades of research to understand the
effects bilingualism has on all aspects of mathematical performance and cognitive growth
and function. Hypotheses by James Cummins and Vygotsky shed light on bilingualism,
in itself, being a significant predictor of cognitive growth and function, indeed alluding to
mathematical achievement. Higher levels of SES and parental income and education were
shown to further enhance a child’s ability to become a more competent mathematical
student. Although it may have been transparent, positive attitudes towards mathematics
and mathematical anxiety were shown to alter brain functioning into higher or lower
mathematical potential, respectively.
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The three sections in this literature review provided examples and insights to
support the four crucial key points and delivered the motivation for this study. To
summarize, a refreshed study to discover whether a child’s bilingualism, paired with their
parent’s highest level of education, income, and SES has any influence on mathematical
achievement, will only serve to further enhance the current literature. Again, if results
yield significance for this influence, will it differ across different countries? Finally,
exploring if bilingualism coupled with a child’s positive attitude towards math
significantly influences mathematical achievement will provide new insights into the
literature. Therefore, it becomes important to describe the methodology of the study to
include samples, measures, and statistical methods in the next chapter.
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Chapter III: Methodology
This chapter presents the research methodology in three sections. The first section
provides a brief introduction to the methodological approach chosen. The second section
presents the most current TIMSS 2019 data set to include validity and reliability. In
addition, this section will thoroughly define the sample extracted and all variables of
interest. Finally, the third section will restate the research questions and hypotheses as
well as explain the statistical methods. Figure 3 visually represents the flow of the
following chapter.

Methodological
Approach

• Purpose of Study Recap
• Quantitative Research
• Secondary Data

Data and Variables

• TIMSS 2019
• Sample
• Variables of Interest

Analyses

Figure 3: A Roadmap to Chapter III
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• Research Questions
• Hypotheses
• Statistical Methods

Methodological Approach
Recall that the purpose of this study is threefold. First, it is a refreshed study to
discover if bilingualism along with a parent’s highest level of education, income, and
SES has any influence on mathematical achievement will serve to enhance the literature.
Examining the potential aforementioned influence across different countries may yield
distinctive results from previous studies. Second, focusing the lens on whether any
specific predictors – bilingualism, SES, highest level of parent’s education, or highest
level of parent’s income - has more significance than the others will augment the
previous study’s findings. Third, exploring whether bilingualism coupled with a child’s
positive attitude towards mathematics significantly influences mathematical achievement
will provide new insights into the literature. Therefore, the methodological approach used
in this study included quantitative research using secondary data, which is highly
effective for many reasons, including access to substantial amounts of information
already collected, broad ranges of coverage, and effective representation of the larger
population (Vartanian, 2011).
Data
Secondary data obtained for this study was acquired using the public-use data set
titled Trends in International Mathematics and Science Study 2019 (TIMSS), a flagship
study of the International Association for the Evaluation of Educational Achievement
(IEA). The TIMSS database includes student achievement data, as well as student, home,
teacher, school, and national context data for 64 countries and 8 benchmarking
participants (Fishbein, Foy, & Yin, 2021). TIMMS 2019 is the seventh iteration of
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international data collection on fourth and eighth-grade student’s mathematics and
science assessments since 1995, providing trends of mathematics and science
achievement for 24 years (Fishbein, Foy, & Yin, 2021).
According to the International Association for the Evaluation of Educational
Achievement (IEA), the Trends in International Mathematics and Science 2019 study
consisted of the following characteristics:
Who: The international target populations for the fourth and eighth grade
assessments were those students who obtained four and eight years of formal education
starting from the first year of primary or elementary schooling. Due to the nature of
international participation with 64 countries, the student samples provided rich global
diversity including various socioeconomic, ethnic, and racial backgrounds.
What: The cognitive domains of knowing, applying, and reasoning were aspects
evaluated during mathematics assessments. The target percentages of the TIMSS 2019
fourth-grade mathematical student assessment devoted to content domains were as
follows: 50% to numbers, 30% to measurement and geometry, and 20% to data. Student,
home, teacher, and school surveys were administered to investigate the home, school, and
classroom factors associated with student’s learning. Of note, home surveys included
topics such as home resources for learning, language(s) spoken in the home, early literacy
and numeracy activities, and preprimary education. Student surveys included attitudes
towards learning and similar information asked in the home surveys.
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When: International data was gathered by TIMSS in 2019. TIMSS has been
providing 24 years of global trends in mathematics achievement with assessments
administered every 4 years. The assessments administered in 2019 mark the seventh
assessment cycle.
Where: The IEA is headquartered in Amsterdam with a major data processing and
research center in Hamburg. Samples were collected with the help of each participating
country.
Why: TIMSS provides opportunities for participating countries to evaluate their
respective educational constructs amongst a global backdrop. TIMSS also collects
extensive data about the contextual factors that affect learning, including school
resources, student attitudes, instructional practices, and support at home. This information
can be examined to explore factors that contribute to academic success.
How: TIMSS has an intricate operations process for data collection including
stringent quality assurance protocols. First, national research coordinators identified and
trained school coordinators in all participating schools globally. The school coordinators
provided information about the school, identified and trained test administrators, and
obtained parental permission. Second, assessment instrument preparation created
internationally comparable instruments adapted for each country. Similarly, all context
questionnaires were translated, adapted, and field-tested by all countries. Third, student
testing was administered by an assigned test administrator who followed strict procedures
supplied by TIMSS. After testing, students were allotted approximately 30 minutes to
complete the student questionnaire. Fourth, countries administered school, teacher, and
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home questionnaires either online or by paper. It is important to note that IEA Hamburg
safeguarded the confidentiality of all respondents to maintain the integrity of the data.
The assessments were then scored by TIMSS main scoring procedure and in-country
reliability scoring. Finally, scores, samples, and assessment administration information
were collected to create the TIMSS 2019 database by IEA’s software.
Validity and Reliability
According to the Methods and Procedures: TIMSS 2019 Technical Report, the
following descriptions of validity and reliability are presented:
Reliability: To reliably score countries that used the paper TIMSS assessments,
the TIMSS International Study Center developed detailed scoring guides and provided
extensive training in the application of the scoring guides. Digital items were machinescored for countries that used the electronic TIMSS assessments. The scoring guides
were used to create machine scoring specifications to ensure human judgment was not
applied. The IEA Hamburg conducted a proper review of the scoring specifications,
executed several rounds of revision, and provided the results to the data analysis team at
the TIMSS International Study Center who independently replicated the results to
provide validity.
Validity: The TIMSS and Progress in International Reading Literacy Study
(PIRLS) International Study Center at Boston College employs a collaborative process
inspired by the principles of the evidence-centered design framework (Mislevy, Almond,
& Lukas, 2003) to develop the new achievement items needed for each TIMSS cycle.
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With this approach, validity is supported by adhering to best practices in assessment
design throughout the development process—namely, clearly defining the target
construct to be measured, specifying the items needed to measure it, establishing
standards for items and test forms, and ensuring that the assessments meet the test
specifications. All context questionnaires (school, teacher, student, and, for fourth grade,
home questionnaires) were translated/adapted and field-tested by all participating
countries and evaluated following the field test to gauge the validity and reliability of the
various questionnaire scales.
Sample
The sample, extracted from public-use data files not to include any personally
identifiable information (see IRB approval in the Appendix section), represents seven
countries involved in the 2019 TIMSS assessments. Since countries were included from
different global regions, the sample embodies a culturally rich and diverse subpopulation.
A priori power analysis was accomplished using a moderate effect size of 0.15, an alpha
of 0.05, and a power of 0.95 suggesting a minimum required sample size of 89.
Variables of Interest
Recall the focus of this study included analyzing whether certain predictors –
bilingualism, SES, highest level of parent education and income, PAM - produce higher
levels of mathematical achievement. Therefore, the variables extracted and analyzed
included mathematical achievement, bilingualism, socioeconomic status, highest level of
parent education and income, and positive attitude towards math. Variable extraction was
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quickly organized and consolidated through the use of the ‘Merge Module’ function in
IEA’s IDB analyzer. This function allows researchers to obtain required variables from
the extensive TIMSS 2019 database. A summary of the study’s variables is included
below.
Mathematical Achievement: Mathematical achievement is only the dependent
variable in this study. Three content domains - number, measurement and geometry, and
data - were included to make up the TIMSS 2019 mathematics framework. Each content
domain consisted of topic areas with each topic receiving approximately equal grading
weight about the target percentages mentioned in the data description section. Examples
of question content administered included identifying parallel and perpendicular lines,
finding missing numbers or operations in a number sentence (e.g., 14 + x = 28), and
solving problems involving mass (gram/kilogram), volume (milliliter/liter), and time
(minutes/hours).
Once assessed, student item responses were aggregated and converted to the
TIMSS mathematics scale metrics. TIMSS used Item Response Theory (IRT) scaling
methods to create an inclusive snapshot of mathematical achievement across the entire
country’s student populations from the combined responses of individual students. To
provide measurable growth and allow the opportunity for countries to self-evaluate,
TIMSS 1995 and all subsequent TIMSS results are reported using scale units. Scale units
represent 100 points being equivalent to one standard deviation of the achievement
distribution of all countries and the mean of the international achievement distribution set
at the scale midpoint of 500. Recent studies including TIMSS data use similar methods
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and weighted data to describe statistical means and standard deviations (Chen, Li, &
Zhang, 2021, Awang et al., 2021). For interpretation, this study will similarly denote
means and standard deviations to represent mathematical achievement.
Bilingualism: The independent variable of bilingualism is determined from the
response to one question in the Early Learning Survey distributed to parents. Parents
were asked, “What language did your child speak before he/she began school?”
Instructions indicated to select “Yes” for more than one language if the child speaks more
than one language. Each response was “Yes” or “No” and six selections included: “ (a)
<language of test>, (b-e) <country-specific>, and (f) Other.” A response that indicated
two or more selections to the above question were classified as bilingual children.
Socioeconomic Status (SES): The independent variable of SES was viewed as a
combination of a child’s social standing or class. SES was determined from the combined
responses to two questions in the Early Learning Survey. Parents were asked, “What is
the highest level of education completed by the child’s <parents/guardians>?” Instruction
indicated to check only one circle in each column. The first column was
“<Parent/Guardian A>” and the second column was “<Parent/Guardian B>.” Responses
included “ (a) Did not go to school, (b) Some <Primary education – ISCED Level 1 or
Lower secondary education – ISCED Level 2>, (c) <Lower secondary education –
ISCED Level 2>, (d) <Upper secondary education – ISCED Level 3>, (e) <Postsecondary, non-tertiary education – ISCED Level 4>, (f) <Short-cycle tertiary education
– ISCED Level 5>, (g) <Bachelor’s or equivalent level – ISCED Level 6>, (h)
<Postgraduate degree: Master’s – ISCED Level 7 or Doctor - ISCED Level 8>, or (i) Not
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applicable.” Parents were also asked, “What kind of work do the child’s
<parents/guardians> do for their main jobs?” Instructions indicated to check the circle for
the job category that best describes what he/she does and if the <parent/guardian> is not
working now, to select the last job that they had. Columns were labeled identically to the
previous question and selections included: “ (a) Has never worked for pay, (b) Small
Business Owner, (c) Clerical Worker, (d) Service or Sales Worker, (e) Skilled
Agricultural or Fishery Worker, (f) Craft or Trade Worker, (g) Plant or Machine
Operator, (h) General Laborers, (i) Corporate Manager or Senior Official, (j)
Professional, (k) Technician or Associate Professional, or (l) Not applicable.” The highest
level of education and income indicated by at least one parent was then consolidated into
a “highest” category. This selection was made available as a variable via the IDB Data
Analyzer as well as the TIMSS codebook (Martin, Davier, & Mullis, 2020). SES was
classified into three levels: low, middle, and high. SES will be grouped as a combination
of highest level of parental education and income according to selections described in the
following two paragraphs.
Highest Level of Parent Education: The independent variable of highest level of
parent education was determined from the individual response to the question regarding
the level of education obtained by either parent or guardian described above. TIMSS
organized parent/guardian education completion responses in the Early Learning Survey
by the International Standardization Classification of Education (ISCED) groupings. As
such, parent education is categorized into low, middle, and high levels in this study.
Parents with low education levels have selected the following responses in the Early
Learning Survey: “Did not go to school”, “Some Primary education – ISCED Level 1 or
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Lower secondary education – ISCED Level 2”, or “Lower secondary education – ISCED
Level 2.” Parents with middle education levels selected “Upper secondary education –
ISCED Level 3” or “Post-secondary, non-tertiary education – ISCED Level 4.” Finally,
parents with high education levels selected “Bachelor’s or equivalent level – ISCED
Level 6”, “Postgraduate degree: Master’s – ISCED Level 7 or Doctor - ISCED Level 8.”
Importantly, the parent or guardian indicating the highest category response was used as
the selected education level in this study.
Highest Level of Parent Income: Similarly, the independent variable of highest
level of parent income was determined from the individual response to the question
regarding the job category held by either parent or guardian described above. Parent
income was divided into four levels low, middle, upper-middle, and high. The Pew
Research center defines a household income level of a family of four across the world
according to the following: low households earn less than $14,600 annually, middle
households earn between $14,600 and $29,200 annually, upper-middle households earn
from $29,200 and $73,000 annually, and high households earn more than $73,000
annually. Therefore, occupations from the Early Learning Survey were grouped into
respective income categories as follows: low income includes “has never worked for
pay”, middle income includes “general laborers” and “service or sales worker”, uppermiddle income includes “clerical worker”, “skilled agricultural or fishery worker”, “craft
or trade worker”, “plant or machine operator”, and “technician or associate professor”,
and high income includes “small business owner”, “professional”, and “corporate
manager or senior official.” It is important to note that the parent or guardian indicating
the highest category response was used as the selected income level in this study.
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Positive Attitude Towards Math (PAM): The independent variable of PAM is
determined from the responses to one question in the Student Questionnaire administered
to students after the assessment. Students were asked, “How much do you agree with
these statements about learning mathematics?” Instructions indicated filling one circle for
each line. Lines correlating to positive attitudes towards math learning included: “(a) I
enjoy learning mathematics, (e) I like mathematics, (f) I like schoolwork that involves
numbers, (g) I like to solve mathematics problems, (h) I look forward to mathematics
lessons, and (i) Mathematics is one of my favorite subjects.” Four selections included:
“Agree a lot, Agree a little, Disagree a little, or Disagree a lot.” Students who indicated
either “Agree a lot or Agree a little” in the above questions were classified as students
possessing positive attitudes toward mathematics.
Analyses
This section offers a roadmap for conducting the statistical analyses needed to
accurately provide evidence for the purpose of this study. Research questions and
hypotheses will be restated to re-cage the focus on the purpose of the study. Assumptions
with model diagrams will be given. Finally, the statistical methods used are summarized.
The research questions and hypotheses provided below serve to refresh the reader
on the focus of this study:
Primary Research Questions:
a. Is bilingualism, along with parent’s highest level of education, income, and SES,
significant predictors of mathematical achievement?

46

b. Does one specific predictor (parent’s highest level of education, income, or SES)
coupled with bilingualism produce a stronger statistical significance on
mathematical achievement than the others?
c. Do these predictors differ across countries where different languages are spoken?
d. Is bilingualism, coupled with a child’s positive attitude toward math, significant
predictors of mathematical achievement?
Hypotheses:
The following hypotheses correspond to the above research questions and
represent testable predictions:
a. Bilingualism coupled with a parent's highest level of education, income, and SES
will be significant predictors of mathematical achievement.
b. Parent’s highest level of education coupled with bilingualism will be the highest
statistically significant predictor of mathematical achievement.
c. The predictors will not differ across countries where different languages are
spoken.
d. Bilingualism, coupled with a child’s positive attitude toward math, will
significantly predict mathematical achievement.
Assumptions, Models, and Statistical Techniques: Statistical methods including multiple
regression will provide context to the primary research questions. The inclusion of
assumptions is critical in validating proposed regression techniques. Homogeneity of
variances, normality, linearity, and independence are tested and included in the following
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chapter. The following represent the regression models and null hypotheses used for the
primary research questions. “Model 1” corresponds to the research question labeled “a)”,
“Model 2” corresponds to the research question labeled “a)” with SES removed, and
“Model 3” corresponds to the research question labeled “d)”, whereas research questions
labeled “b)” and “c)” require further interpretation of potential statistically significant
predictors and country by country comparison from the analysis of Model 1.
Model 1:
YMath Achievement = b0 + b1 Highest Parental Education + b2 Highest Parental Income + b3
SES + b4 Bilingualism + e
H0: b1 = b2 = b3 = b4
Model 2:
YMath Achievement = b0 + b5 Highest Parental Education + b6 Highest Parental Income + b7
Bilingualism + e
H0: b5 = b6 = b7
Model 3:
YMath Achievement = b0 + b8 PAM + b9 Bilingualism + e
H0: b8 = b9
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Summary
This chapter aimed to solidify the framework and describe key features necessary
to accomplish the purpose of this study. The effects of bilingualism and other predictors SES, highest level of parental education and income, and PAM - may provide insights
into potential mathematical achievement advantages or disadvantages. The
methodological approach was justified and the data along with the variables were
described. The chosen statistical method of multiple regression beautifully aligns with the
research questions and hypotheses due to their predictive nature. In the subsequent
chapter, careful data extraction, descriptive statistics, model assumptions, and regression
techniques will be presented and related results will be offered.
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Chapter IV: Results
This chapter presents the direct results of statistical techniques conducted in this
study. Recall that the focus of this study was threefold. First, regression analysis methods
were accomplished to discover if bilingualism along with a parent’s highest level of
education and income, and SES had any influence on mathematical achievement in
fourth-grade students as a whole and across multiple countries. Second, the research
aimed to analyze predictors against one another to uncover if any yielded higher
statistical influence on mathematical achievement. This analysis would serve to augment
the previous study’s findings. Finally, exploring the potential influences of a child’s
positive attitude towards math coupled with bilingualism on mathematical achievement
may provide new insights. The following chapter will be presented in three major
sections to edify the focus of the study, namely, the extracted subset, the study’s variables
of interest, and an appropriate analysis of the proposed regression models. Each section
includes some combination of descriptive statistics, tables, figures, interesting trends, and
key findings.
Subset
The use of the IEA’s IDB Data Analyzer allowed for the extraction of the study’s
required independent and dependent variables. Omitted or missing data identified in each
independent variable was removed from the data set. A more accurate method in
determining outliers was accomplished using a multiplier of 2.2 to identify and remove
any outliers outside both extremes of the inter-quartile range, (i.e. the 25th quartile was
subtracted from the 75th quartile and multiplied by 2.2, then subtracted/added to both
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quartiles, respectively) (Hoaglin, & Iglewicz, 1987). It is important to note that SPSS
uses a lower multiplier of 1.5, thus capturing false outliers indicated in Figure 4’s
boxplot. The results were calculated on the remaining subset sample from the chosen
countries, n = 32,108. This study’s sample subset significantly exceeds the minimum
suggested sample size of 89 by the aforementioned priori power analysis. Therefore, no
concerns about adequate sample size exist. Table 1 indicates the country breakdown by
frequency, percent, and cumulative percent of the sample data with the majority of cases
emerging from the United Arab Emirates.

Figure 4: Mathematical Achievement (Indicated by the 1st plausible value)
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Table 1
Country Breakdown by Frequency, Percent, and Cumulative Percent

Country ID - Numeric ISO Code
Valid

Azerbaijan, Republic
of
Germany
Hong Kong, SAR
Japan
Korea, Republic of
Spain
United Arab Emirates
Total

Frequency
3889

Percent
12.1

Cumulative Percent
12.1

1785
2304
3575
3633
7067
9855

5.6
7.2
11.1
11.3
22.0
30.7

17.7
24.8
36.0
47.3
69.3
100.0

32108

100.0

Variables of Interest
Descriptive statistics are included in this section for all independent variables, as
well as the sole dependent variable. The mean and standard deviation are presented for
the dependent variable. Since all independent variables are categorical, the only
descriptive statistic reported is the percentage.
Mathematical Achievement: Using IRT, TIMSS 2019 offers five plausible value
scores to indicate mathematics evaluation achievement. TIMSS 2019 indicates that each
of the five plausible value mathematics scores is reliable for use in independent studies.
Therefore, the first plausible value score was the indicator used in this study to determine
mathematical achievement, the dependent variable. Table 2 provides descriptive
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statistical information indicating the mean, standard error, and 95% confidence interval
for the first plausible value mathematics score.
Table 2
Mathematics Achievement Scores Descriptive Statistics

Descriptives
1ST PLAUSIBLE
VALUE
MATHEMATICS

Statistic
542.95

Mean
95% Confidence
Interval for Mean

Lower
Bound
Upper
Bound

542.00
543.90

5% Trimmed Mean

544.49

Median

548.15

Variance
Std. Deviation

Std.
Error
0.48

7539.01
86.83

Bilingualism: In the TIMSS early learning survey, parents indicated languages
spoken before their child started school. Overall, bilinguals accounted for about onethird of the entire observed population selected by parents as shown in Figure 5. The
United Arab Emirates and Hong Kong (SAR) observed bilingual samples accounted for
about half of their population. However, the remaining country’s bilingual samples fell
below one-third of their observed total population.
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Figure 5: Bilingual/Monolingual Population
Parent’s Highest Education: Figure 6 denotes the parent’s highest indicated level
of education in three categories: low, mid, and high. Observing the total sample, a very
low percentage of parents indicated obtaining a low level of education, only 8%.
Moreover, the majority of the observed fourth-grade children had at least one parent that
obtained a high level of education, indicating attendance at university or higher. These
trends remain when evaluating parents country by country.
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Figure 6: Highest Parental Level of Education
Parent’s Highest Income: Figure 7 denotes the parent’s highest indicated level of
income in four categories: low, mid, upper-mid, and high. Very low percentages (<5%)
were reported for parents in the low and mid categories except for parents from
Azerbaijan (Republic of). In comparison, most parents indicated possessing a
professional, small business owner, clerical, or skilled worker profession in the uppermid and high categories. The overall observed population’s percentages by category
accurately represent the country by country breakdown’s percentages, again except for
Azerbaijan (Republic of) which indicates a slightly more even spread across categories.
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Figure 7: Highest Parental Level of Income
Socioeconomic Status: Socioeconomic status consisted of the selected responses
from a parent’s highest level of education and income. As indicated in Figure 8, the low
category included a staggeringly low percentage (<6%) for most countries. Due to the
construction of this variable, results indicate a majority of the parent population have at
least completed an education level higher than lower secondary and are actively
employed. For the same reason indicated above, the percentage breakdown closely
follows that found in a parent’s level of education and income.
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Figure 8: Socioeconomic Status
Positive Attitude Towards Math (PAM): In the TIMSS student survey, students
indicated if they agreed or disagreed with the questions asked as shown in Figure 9.
Students indicating agreement were classified as containing a positive attitude towards
mathematics. The converse closely follows, students disagreeing were classified as not
containing a positive attitude towards mathematics. Overall, the majority of students
(>67%) contained a positive attitude towards mathematics. 84% of students indicated
they enjoyed learning mathematics and over 69% indicated they like mathematics, like
math problems, and that math is their favorite subject, arguably the strongest indicators of
possessing a positive attitude towards mathematics.
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Figure 9: Child’s Positive Attitude Towards Mathematics
Analysis
Four multiple regression analyses were conducted to investigate the primary
research questions posed in this study. First, two full-model multiple regression analyses
were conducted to examine if bilingualism, a parent’s highest level of education and
income, and SES were statistically significant predictors of mathematical achievement.
Next, a third multiple regression analysis was accomplished on each country to determine
if similar findings followed from the first two models. Finally, a fourth full-model
multiple regression analysis aimed to determine if bilingualism and PAM significantly
predicted mathematical achievement. Assumptions and results are presented below for
each model. Analysis was performed using the statistical software suite, SPSS.
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Model 1
A standard multiple regression was performed between mathematical
achievement as the dependent variable and bilingualism, parent’s highest education,
parent’s highest income, and SES as the independent variables. Results of the evaluation
of the assumptions indicated slight concerns with normality and multicollinearity. Figure
10 indicates that mathematical achievement appears to follow the assumptions of a
normally distributed sample, with the histogram only deviating minimally from the
superimposed bell curve. However, a Kolmogorov-Smirnov test indicated statistical
significance, p < .05, causing some concern. Due to the methods used to estimate levels
of SES, multicollinearity became a concern in the first full model between mid and high
levels of SES and upper-mid and high levels of a parent’s income. Variation Inflation
Factors (VIF) were recorded at 23.71 (mid-SES), 33.50 (high-SES), 18.58 (upper-midparental income), and 21.76 (high parental income). Figure 11 shows no concerns with
the assumption of homogeneity of variances. Finally, independence is checked
qualitatively in the nature of the TIMSS 2019 provided data for all models.

Figure 10: Plots for Normality Assumption
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Figure 11: Plot for Homogeneity of Variances Assumption

Table 3 displays the unstandardized regression coefficients, p-values, adjusted R2,
and standard errors with the reference groups indicating all low categories and
monolinguals. The test of the full model was statistically significant: F(8, 32,099) =
228.7, p < .001. Due to the nature and plethora of variables involved in the TIMSS study,
the full model’s set of predictors accounted for only 5.4% of the variation in
mathematical achievement.
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Table 3
Model 1 Multiple Regression Analysis
Mathematical
Achievement
β
SE

Variables

Bilingualism

-15.240***

1.062

SES-Mid

-16.939***

4.592

SES-High

-11.674*

5.486

Parent Income-Mid

29.829***

4.387

Parent Income-Upper Mid

44.174***

4.384

Parent Income-High

46.808***

4.543

Parent Education-Mid

33.085***

1.957

Parent Education-High

52.690***

2.476

Intercept

476.128*** 2.831

Adjusted R2 = .054
F(8, 32,099) = 228.7, p < .001
Note: TIMSS 2019 public use data; * indicates significance
at the .05 level, ** indicates significance at the .01 level
*** indicates significance at the .001 level.

The key findings are summarized below:
● Bilingualism does not positively affect mathematical achievement. When
controlling for SES, parent’s highest education level, and parent's highest income
level, the average mathematical achievement score decreases by approximately 15

61

points compared to monolinguals. This finding is statistically significant at the
.001 level.
● SES does not positively affect mathematical achievement. These statistically
significant predictors (SES-mid, p < .001/SES-high, p < .05) indicate score
decreases in mathematical achievement by approximately 16 points and 11 points
when controlling for bilingualism, parent’s highest level of education, and
parent’s highest level of income, respectively. The baseline group for the above
analysis was SES-low. However, an inaccurate model fit may be present due to
multicollinearity issues.
● A parent’s highest level of education and income positively affect mathematical
achievement. When compared to the low category, all parent’s levels of education
and income are statistically significant predictors, p < .001. When controlling for
bilingualism, SES, and their respective counterpart, the average mathematical
achievement scores increase proportionately from a range of approximately 29
points for parent income-mid to a substantial 52 points for parent education-high.
● SES-high was the lowest statistically significant predictor. All other predictors
showed statistical significance, p < .001. Therefore, one specific predictor did not
emerge as the strongest statistically significant predictor. However, if a parent’s
highest level of education placed them in the high category, this indicated the
highest effect on their child’s mathematical achievement score when compared to
all other predictors.
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Model 2
Due to multicollinearity issues between SES and the parent’s highest level of
income in Model 1, elimination of the independent variable, SES, was accomplished.
Subsequently, another standard multiple regression was performed between mathematical
achievement and bilingualism, parent’s highest education, and parent’s highest income
which yielded a more accurate fit to the model. However, the results of the evaluation of
the assumptions still indicated slight concerns with normality. Figure 12 indicates that
mathematical achievement still appears to follow the assumptions of a normally
distributed sample. However, a Kolmogorov-Smirnov test indicated statistical
significance, p < .05, causing some concern. Variation Inflation Factors (VIF) were all
recorded at a value below the cutoff of 10, indicating the deletion of SES suppressed
multicollinearity issues. Figure 13 shows no concerns with the assumption of
homogeneity of variances.

Figure 12: Plots for Normality Assumption
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Figure 13: Plot for Homogeneity of Variances Assumption
Table 4 displays the unstandardized regression coefficients, p-values, adjusted R2,
and standard errors with the reference groups indicating all low categories and
monolinguals. The test of the full model was statistically significant: F(6, 32,101) =
300.824, p < .001. The full model’s set of predictors decreased minimally, accounting for
5.3% of the variation in mathematical achievement.
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Table 4
Model 2 Multiple Regression Analysis
Mathematical
Achievement
β
SE

Variables

Bilingualism

-15.202***

1.062

Parent Income-Mid

22.909***

3.917

Parent Income-Upper Mid

30.694***

2.533

Parent Income-High

35.982***

2.526

Parent Education-Mid

30.956***

1.899

Parent Education-High

53.595***

1.950

Intercept

473.667*** 2.778

Adjusted R2 = .053
F(6, 32,101) = 300.824, p < .001
Note: TIMSS 2019 public use data; * indicates significance
at the .05 level, ** indicates significance at the .01 level
*** indicates significance at the .001 level.

The key findings are summarized below:
● Bilingualism continues to affect a decrease in mathematical achievement, while
being a statistically significant predictor, p < .001. When controlling for a parent's
highest education level, and that parent's highest income level, the average
mathematical achievement score decreases by approximately 15 points compared
to monolinguals.
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● A parent’s highest level of education and income positively affect mathematical
achievement. When compared to the low category, all parents’ levels of education
and income are statistically significant predictors, p < .001. Comparing Model 2
to Model 1 while controlling for bilingualism and their respective counterpart, the
length of the mathematical achievement score range slightly increases. The range
reported is approximately 22 points for parent income-mid to 54 points for parent
education-high.
● One specific predictor did not emerge as a stronger statistically significant
predictor than the others; all predictors were statistically significant at the .001
level. However, if a parent’s highest level of education placed them in the high
category, this indicated the highest effect on their child’s mathematical
achievement score when compared to all other predictors.
Model 3
A standard multiple regression was performed between mathematical
achievement and bilingualism, SES, parent’s highest education, and parent’s highest
income. However, the data was split by country. This allowed analyses to be conducted
by country and trends evaluated. All assumptions follow from Model 1. Although there
are multicollinearity concerns and unusually large standard errors, only the model
including the SES predictor is presented to support the primary research question.
Table 5 displays the unstandardized regression coefficients, p-values, adjusted R2,
and standard errors with the reference groups indicating all low categories and
monolinguals country by country. The test of each country’s model was statistically
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significant: (Azerbaijan, Republic of, F(8, 3,880) = 26.855, p < .001), (Germany, F(8,
1,776) = 31.274, p < .001), (Hong Kong, SAR, F(8, 2,295) = 24.753, p < .001), (Japan,
F(8, 3,566) = 39.941, p < .001), (Korea, Republic of, F(8, 3,624) = 46.386, p < .001),
(Spain, F(8, 7,058) = 124.584, p < .001), (United Arab Emirates, F(8, 9,846) = 127.379, p
< .001).
Table 5
Model 3 Multiple Regression Analysis
Mathematical Achievement
Variables

Azerbaijan, Republic
of
β
SE

Germany

Hong Kong, SAR

Japan

Korea, Republic of

Spain

United Arab
Emirates
SE

β

SE

β

SE

β

SE

β

SE

β

SE

β

Bilingualism

1.28 (.65)

2.79

-10.79**

3.85

8.08**

2.70

-8.35 (.25)

7.19

19.39***

3.40

-9.28***

2.08

9.29***

1.80

SES-Mid

1.85 (.81)

7.83

1.71 (.94)

22.84

-17.61 (.16)

12.57

4.95 (.84)

24.79

-4.76 (.87)

29.19

5.26 (.50)

7.87

-20.12*

9.69

SES-High

10.64

11.52

9.86 (.69)

24.89

-10.67 (.49)

15.30

6.07 (.81)

25.36

0.59 (.98)

29.81

18.86*

9.01

5.2 (.67)

12.18

7.91

33.07 (.13)

21.97

20.06 (.09)

11.87

5.38 (.84)

25.90

52.68 (.07)

29.03

17.44 (.05)

8.90

15.95 (.26)

14.13

-.79 (.91)

7.30

54.34*

21.43

31.21*

14.41

7.89 (.76)

25.38

63.57*

28.77

25.21*

10.46

18.15*

8.11

11.03

7.94

69.10*

21.68

38.28**

14.45

15.44 (.55)

25.52

70.85*

28.92

28.83**

10.57

34.65***

8.77

(.36)
Parent
Income-Mid

-13.55
(.09)

Parent
IncomeUpper Mid
Parent
Income-High

(.17)
Parent
EducationMid

10.80*

4.31

22.65***

4.79

13.33**

4.70

39.51***

9.74

17.14 (.30)

16.50

29.56***

2.54

9.43 (.05)

4.87

Parent
EducationHigh

25.06***

6.30

42.45***

7.37

32.75***

8.31

73.81***

10.05

48.29**

16.77

45.03***

3.61

32.46***

5.94

Intercept

507.58***

4.40

445.82***

18.54

563.63***

8.87

525.62***

28.01

501.98***

24.98

452.43***

7.70

450.35***

6.10

Adjusted R2 = .051

Adjusted R2 = .120

Adjusted R2 = .076

Adjusted R2 = .080

Adjusted R2 = .091

Adjusted R2 = .123

Note: TIMSS 2019 public use data; (p) indicates p-value, * indicates significance at the
.05 level, ** indicates significance at the .01 level, *** indicates significance at the .001
level.
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Adjusted R2 = .093

The key findings are summarized below:
● Bilingualism does not always indicate a decrease in mathematical achievement
when compared to monolinguals. The United Arab Emirates, Korea (Republic of),
and Hong Kong (SAR) show increases in mathematical achievement scores at a
statistically significant level (p < .001) when other controls are considered (SES,
parent’s highest education and income).
● Higher levels of SES do not always indicate a decrease in mathematical
achievement when compared to SES-low. Azerbaijan (Republic of), Germany,
Japan, and Spain indicate increased mathematical achievement scores for both
higher levels of SES. However, the majority of these predictors are not
statistically significant.
● A parent’s highest level of education and income continue to positively affect
mathematical achievement across countries. When compared to the low category,
there is only one exception in which a parent’s levels of education and income
increase a child’s mathematical achievement score. With two exceptions, these
are statistically significant findings, at a minimum p-value of less than 0.05.
Model 4
A final standard multiple regression analysis was performed between
mathematical achievement as the dependent variable and bilingualism and a child’s
positive attitude towards mathematics as the independent variables. Results of the
evaluation of the assumptions indicated slight concerns with normality. Figure 14
indicates that mathematical achievement appears to follow the assumptions of a normally
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distributed sample. However, a Kolmogorov-Smirnov test indicated statistical
significance, p < .05, causing some concern. Variation Inflation Factors (VIF) were of no
concern. Figure 15 shows slight fanning out of residuals but does not arouse concerns
with the homogeneity of variances assumption.

Figure 14: Plots for Normality Assumption

Figure 15: Plot for Homogeneity of Variances Assumption

Table 6 displays the unstandardized regression coefficients, p-values, adjusted R2,
and standard errors with the reference group indicating a child who does not display a
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positive attitude towards math and monolinguals. The test of the full model was
statistically significant: F(7, 32,100) = 91.74, p < .001. Due to the nature and plethora of
variables involved in the TIMSS study, the full model’s set of predictors accounted for
only 1.9% of the variation in mathematical achievement.

Table 6
Model 4 Multiple Regression Analysis
Mathematical
Achievement
β
SE

Variables

Bilingualism

-10.419***

1.075

PAM/Enjoy Learning Math 10.484.***

1.848

PAM/Like Math

9.501***

1.949

PAM/Schoolwork
Involving Numbers
PAM/Like Math Problems

-19.742***

1.494

18.181***

1.564

PAM/Look Forward to
Math Lessons
PAM/Math is Favorite
Subject
Intercept

-20.273***

1.505

7.707***

1.556

539.110*** 1.292

Adjusted R2 = .019
F(7, 32,100) = 91.74, p < .001
Note: TIMSS 2019 public use data; * indicates significance
at the .05 level, ** indicates significance at the .01 level
*** indicates significance at the .001 level.
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The key findings are summarized below:
● Bilingualism holds as a decreasing statistically significant predictor for
mathematical achievement scores, p < .001. When controlling for all levels of
PAM, the average mathematical achievement score decreases by approximately
10 points compared to monolinguals.
● For the majority, a child’s positive attitude towards mathematics increases their
mathematical achievement scores. Four of six questions asked in the student
surveys regarding PAM (enjoy learning math, like math, like math problems,
math is a favorite subject) statistically significantly predict an increase in the
mathematical achievement scores, p < .001. However, when students indicated
agreement with looking forward to math lessons and enjoying school work
involving numbers, their respective mathematical achievement scores decreased
by approximately 20 points or 19 points. These were the highest statistically
significant changes in mathematical achievement scores, p < .001.
Summary
This chapter targeted the extracted subset, the study’s variables of interest, and
analyses of the regression models. Descriptive statistics on the extracted subset by
country were presented along with details regarding how extraction was made possible.
Manipulations of the inter-quartile range allowed for the accurate removal of outliers
(Hoaglin, & Iglewicz, 1987). Variables of interest were eloquently visualized in sets of
bar graphs indicating total and country by country breakdowns of percentages for
bilingualism, socioeconomic status, the highest level of parental education, the highest
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level of parental income, and a child’s positive attitude toward mathematics. Regression
analyses of four models provided clout to the study’s primary research questions and
yielded interesting key findings. In the subsequent chapter, implications and conclusions
will be introduced. A summary of the research within the scope of the motivation and
theoretical framework will be discussed. Comparisons of this study to studies presented
in the literature review will be reviewed, limitations will be addressed, and
recommendations for future similar studies will be suggested.
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Chapter V: Implications and Conclusions
The challenging concept of learning a new language has been similarly compared
to learning arguably another type of language, mathematics. Multiple language
development generates obstacles for individuals to overcome, much like mathematical
comprehension. Given these similarities, considering whether bilingual children had
advantages in mathematical learning over their monolingual peers was a question that
begged to be answered. Although bilingualism may have explained this higher
mathematical potential, research findings reinforce that SES, parental education and
income, and overall language proficiency are influential predictors (Cai, 2019). Most
studies focus research on specific countries, therefore, the global look across multiple
countries completed in this study may have expanded the literature.
Similarly, students who possess positive attitudes toward mathematics lend
support to the demonstration of higher mathematical potential and yield increased
engagement of different parts of the brain (Chen et al., 2018). Now, bilinguals are shown
to have differently structured brains (Mohr et al., 2018). Consequently, this study’s
combination of bilingualism and children’s positive attitudes toward mathematics may
have shed light on an otherwise dark area of the current research.
Hence, this chapter is structured in three main parts. First, the chapter summarizes
the statement of the problem with the resulting key findings. Second, conclusions and
implications are presented within the theoretical frameworks and practical
implementations will be briefly discussed. Lastly, limitations, recommendations, and
suggestions for future research will be offered.
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Background of the Problem/Key Findings
The three main study focuses served to enhance the literature and attempt to
answer questions not yet posed. First, a refreshed study determined if bilingualism along
with a parent’s highest level of education, income, and SES had any influence on
mathematical achievement. Additionally, results inferred differences across countries’
bilinguals. Second, statistically significant predictors (SES, parent’s highest education, or
parent’s highest income) were compared against one another to see if one yielded higher
fourth-grade student’s mathematical achievement scores. Third, this study explored
whether bilingualism coupled with a child’s positive attitude towards mathematics
significantly influenced mathematical achievement.
Therefore, the following research questions presented below developed the
study’s key findings:
1. Does bilingualism, along with parents’ highest level of education, income,
and SES, significantly predict mathematical achievement?
● Bilingualism does not positively affect mathematical achievement. This
statistically significant finding showed decreases in fourth-grade student’s
mathematical performance.
● SES does not positively affect mathematical achievement. The statistically
significant predictor indicates score decreases in mathematical achievement.
● A parent’s highest level of education and income positively affect mathematical
achievement. When compared to the low category, all parent’s levels of education
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and income are statistically significant predictors. Controlling for other predictors,
the average mathematical achievement scores increase in some cases upwards of
50 points.
2. Does one specific predictor (parent’s highest level of education, parent’s
highest level of income, SES, or bilingualism) produce a stronger statistical
significance on mathematical achievement than the others?
● SES-high was the lowest statistically significant predictor. All other predictors
showed statistical significance. Therefore, one specific predictor did not emerge
as the strongest statistically significant predictor. However, if a parent’s highest
level of education placed them in the high category, this indicated the highest
effect on their child’s mathematical achievement score when compared to all
other predictors.
3. Do these predictors differ across countries where different languages are
spoken?
● Bilingualism does not always indicate a decrease in mathematical achievement
when compared to monolinguals. The United Arab Emirates, Korea (Republic of),
and Hong Kong (SAR) show increases in mathematical achievement scores at a
statistically significant level when other controls are considered.
● Higher levels of SES do not always indicate a decrease in mathematical
achievement. Azerbaijan (Republic of), Germany, Japan, and Spain indicate
increased mathematical achievement scores for both higher levels of SES.
However, the majority of these predictors are not statistically significant.
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● A parent’s highest level of education and income positively affect mathematical
achievement across countries. When compared to the low category, there is only
one exception in which a parent’s level of education and income increase a child’s
mathematical achievement score.
4. Are bilingualism and a child’s positive attitude toward mathematics
significant predictors of mathematical achievement?
● Bilingualism is a decreasing statistically significant predictor for mathematical
achievement scores. When controlling for all levels of PAM, the average
mathematical achievement score shows slight decreases compared to
monolinguals.
● For the majority, a child’s positive attitude towards mathematics increases their
mathematical achievement scores. Four of six questions asked in the student
surveys regarding PAM (enjoy learning math, like math, like math problems,
math is a favorite subject) significantly predict an increase in the mathematical
achievement scores. However, when students indicated agreement with looking
forward to math lessons and enjoying school work involving numbers, their
respective mathematical achievement scores showed decreasing values.
Conclusions
Based on these findings, the following three key conclusions are offered and
supported by the four theoretical frameworks discussed in a previous chapter which
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include Cummins’ threshold hypothesis, Vygotsky’s theory on language, Coleman’s
theory on capital, and the functional attitude theory.
Balanced Bilingualism is Key
According to Cummins (1976), the positive effects of bilingualism hinges on
competency in the language. Due to the nature of the question in identifying this study’s
bilinguals, it could be inferred that balanced bilinguals were not accurately captured.
Thus, this study’s findings would lend support to Cummins’ lower threshold assumption.
Specifically, bilinguals who do not reach a level of competency in the second language
see adverse effects on their cognitive growth from this deficit (Cummins, 1976).
Although country by country comparison exceptions emerged, bilingualism was shown to
decrease student’s mathematical achievement with other controls accounted for.
Interestingly, bilingualism determined by country did exhibit statistically
significant positive increases in mathematical achievement. The country’s bilinguals who
showed this positive increase included the United Arab Emirates, Korea (Republic of),
and Hong Kong (SAR). These results may be explained by a variety of factors, of which
two are cited. First, these bilingual groups may have better access to resources due to
their country or region (Golash-Boza, 2005). Second, this result may indicate support for
Cummins’ upper threshold assumption in that these countries’ bilinguals exhibit
characteristics related to balanced bilinguals (Cummins, 1976).
Age may be another factor. This study’s population consisted solely of fourthgrade students from seven countries. In the words of Vygotsky (2012), logical thought is
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dependent on language development. Again, with the results indicating bilingualism
negatively affects mathematical competence, support could be associated with
insufficient language development due to the student’s age. For example, schools in
many European countries begin additional foreign language development during the ages
of six through nine, according to a study conducted by Eurostat, a statistics arm of the
European Commission (Devlin, 2018). With this study’s population consisting of fourthgrade students, usually at age ten, many may not have reached the level of competency in
their second language to reap the positive benefits. Furthermore, early bilingual
disadvantages in younger children have been shown to adversely affect cognitive
development (Bialystok, 2007; Paradis, & Jia, 2016).
Finally, the results support the findings presented by Strobel in 2016. Strobel used
regression methods to predict the mathematical competencies of immigrant students in
Germany. With a 5-year age gap between Strobel’s and this study’s population, similar
results indicated no net effects emerging from language use on mathematics
competencies (Strobel, 2016).
Parental Education and Income are Important
This study further validates the foundational concepts of Coleman’s theory on
capital, namely, that parents who provide a rich and positive learning environment at
home allow children to flourish in their educational endeavors (Coleman, 1988). The two
types of capital, financial and human, were shown to significantly increase student’s
mathematical achievement scores. Furthermore, a parent’s highest education level was
shown to significantly predict higher mathematical achievement scores than a parent’s
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highest income level, lending stronger support in validating Coleman’s theory on human
capital.
Higher mathematical performance may be explained due to a variety of reasons in
children possessing at least one college-educated parent. For example, college-educated
parents may be able to support richer home environments to stimulate early mathematical
growth, establish higher mathematical expectations on their children due to their higher
level of education, possess larger vocabulary levels, and talk with their children more
than parents with less education (Purpura, & Reid, 2016; Hart, & Risley, 1995; Hoff,
2003). Purpura and Reid (2016) found evidence that children who had at least one
college-educated parent performed higher on mathematical tests than those who had no
college-educated parents, results that were also confirmed in this study. Consequently,
these results were present not only in the full models but also in the individual countryby-country breakdown.
Parental education proves to be extremely important for a younger child’s
development and cognitive functioning. A related study observed parental education
correlating with kindergarten-aged children’s performance in cognitive growth, giving
evidence that children from low parental educated households are at greater risk of delays
in development (Ardila et al., 2005). This study furthers that children that come from
higher educated families were more adept at increased levels of cognitive development,
especially after gaining proper cognitive growth at a young age. The findings in this
study support the evidence of increased student cognitive ability and college-educated
parent association throughout young age and into adolescence.
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Although parental income did not affect their child’s mathematical scores as
considerably as their education, significant positive score increases constituted some
findings of this study. Parental income positively predicted mathematical achievement in
fourth-grade students at a linear rate when compared to the low category (i.e. lower levels
of parental income indicated the lowest gross score increase in math achievement and
higher levels indicated the highest gross score increase). Higher parental income could
equate to increased exposure in access to learning resources, learning experiences, or
tutors for children (Dixon, Wu, & Daraghmeh, 2012). These “income-related
interactions” between children and parents are developed into advantages that may not be
available to children from lower-income households (Hart & Risley, 1995). These
advantages could yield early cognitive development and transform into increased abilities
to perform mathematical evaluations, as realized in this study.
Positive Attitudes Parallel Mathematical Achievement
Put simply, better attitudes are associated with better performance (Pinxten et al.,
2014). The findings of this study support research that indicates positive attitudes toward
mathematical school subjects are connected to higher mathematical performance.
Additionally, this finding further validates the core of the functional attitude theory,
namely, that attitude influences psychological functions (Katz, 1960; Smith, Bruner, &
White, 1960). Positive attitudes may increase a child’s desire to learn, seek knowledge,
and understand challenging concepts and ideas around them. This may translate into
better cognitive and psychological functioning, all stemming from attitude. The majority
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of evidence from this study translates positive attitudes into measurable mathematical
achievement increases.
The “like mathematics”, “enjoy learning mathematics”, and “math is my favorite
subject” questions in the student surveys all indicated mathematical achievement score
increases in this study. One could argue that if mathematics is a student’s favorite school
subject then this is the closest objective identification for that student to possess a
positive attitude towards mathematics from the study’s available survey questions. If so,
then this finding directly supports evidence supporting positive emotions influencing
increased cognitive capacity and enhanced working memory performance which may
suggest brain systems involved in affect, motivation, learning, and memory are important
(Valentijn et al., 2006). This further demonstrates the power that emotions, which affect
behavior, play in the attainment of mathematical achievement.
However, this study does not reveal evidence linking the positive effects of
bilingualism and PAM towards mathematical achievement. The set of independent
variables, in this case, bilingualism and PAM, did not both indicate positive increases in
the maximum prediction of mathematical achievement. As indicated above, age may be a
factor that is inhibiting a positive prediction from bilingualism. A common lack of
language proficiency in young bilinguals may be a culprit in decreasing mathematical
achievement.
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Practical Implementation
This study has three practical implementations for parents, students, and
educators. First, parents and educators should not disregard bilingualism as a potential
benefit to a child’s cognitive development. As shown by specific countries in this study,
the influence of balanced bilingualism on mathematical achievement may be significant.
There should still be consideration into leaving primary school educational policies
regarding multiple language curricula and practice intact.
Second, the powerful behaviors of college-educated parents clearly aid their
children’s cognitive development. It is extremely important to raise parents of all
education levels’ awareness of how potent behaviors exhibited in the home can be
towards their children’s cognitive development. Parents can support richer home
environments to stimulate early mathematical growth by, for example, providing more
books in the home and using practical applications to increase home numeracy activities
(e.g. measuring while cooking, counting, adding, subtracting items in the home, etc.).
Parents also can establish higher mathematical expectations and help their children set
attainable and measurable goals to meet or exceed those expectations.
Third, positive attitudes are contagious. Parents and educators should set positive
examples and attitudes for their children and students, respectively. Attitude is controlled
by the individual. Children may emulate positive attitudes displayed by their parents and
educators, especially attitudes associated with the willingness to learn and undertake
challenging problems head-on. As shown in this study, a positive attitude has the
potential to positively affect student achievement. Simple changes in the behaviors and
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attitudes displayed by parents and educators may have lasting impacts on children and
students throughout their academic careers.
Limitations
Three limitations are presented due to the unique characteristics of this study
which include: small individual country sample sizes, unavailable data to distinguish
balanced bilinguals, and socioeconomic status variable makeup.
Small Sample Size
Although the overall sample size is quite large and robust, some individual
countries are represented by small sample sizes. For example, Hong Kong (SAR) and
Germany each make up less than eight percent of the overall sample size’s collection,
while the United Arab Emirates accounts for approximately thirty percent. This may bias
the overall predictive results in favor of certain countries represented by larger sample
sizes. Additionally, the predictive results presented for countries with small sample sizes
include fairly large standard errors which may indicate skewed results (even after TIMSS
jackknife methods are used).
Unavailable Data
First, defining balanced bilinguals instead of traditional bilinguals (i.e. balanced
bilinguals defined by Cummins’ threshold hypothesis and traditional bilinguals defined
by dictionary definitions) is extremely challenging using the available secondary data.
The “traditional bilingual” seems to more accurately represent the type of bilingual
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captured in this study due to the limited and straightforward questions asked in the early
learning surveys provided to parents. Consequently, the results predicting balanced
bilingual effects on mathematical achievement may be inaccurate.
Second, through the process of data cleansing, many cases were deleted due to
omitted responses to questions in both student and early learning surveys. Unfortunately,
this caused substantial deletions to a majority of the data including country deletion. The
United States of America and Canada were included in the initial data set in this study.
However, no cases remained after the data cleansing process, hence, those countries were
not included in the results of the study. If these resulting countries contained available
data (i.e. no missing or omitted responses) some of this study’s key findings may have
yielded different results due to a more diverse overall population.
Multicollinear Variables
The process in which the variable (socioeconomic status) was developed only
included responses from the highest parent education and income responses. According
to the American Psychological Association, socioeconomic status is defined as “the
social standing or class of an individual or group and is often measured as a combination
of education, income, and occupation.” The social class or standing of an individual is
challenging to capture in survey questions. Parent education and income are simple
questions to include in surveys and are measurable. However, using only these two
variables to define SES established multicollinearity issues between the variables. When
using regression methods, multicollinearity concerns could distort results. This may have
occurred in this study due, again, to the structure of the SES variable.
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Future Research
Due to the limitations in this study, future research should consider creating a data
set that accurately captures the language proficiency found in balanced bilinguals. The
accurate capture of samples with balanced bilinguals may be made possible by the use of
language proficiency tests administered to students in addition to the mathematical
academic achievement test. According to Language Testing International (LTI),
“language proficiency tests focus on the practical application of language knowledge and
measure a language user’s comprehension and production against acceptable rating scales
such as the American Council on the Teaching of Foreign Languages (ACTFL),
Interagency Language Roundtable (ILR), and the Common European Framework of
Reference for Languages (CEFR)” (2022). Furthermore, the LTI states “anyone can take
a language proficiency test, regardless of how they learned the language and where they
believe they are in their level of competency” and posits “proficiency tests accurately
measure the candidate’s ability to use a language in real-life contexts” (2022). Tests
administered in both languages would measure the appropriate proficiency levels and
could accurately determine balanced bilinguals per Cummins’ theories. Undoubtedly,
balanced bilinguals would be truthfully accounted for and more accurate results could be
determined.
Similarly, the use of a more widely accepted method to capture a child’s positive
attitude towards mathematics could bolster a future study’s validity and reliability. An
Attitude Towards Mathematics Inventory (ATMI) survey could be used to accurately
classify PAM. The ATMI was “designed to investigate the underlying dimensions of
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attitudes toward mathematics” (Tapia, & Marsh, 2004). A tailored ATMI, usually a 40point Likert-scaled survey, for younger students could provide more succinct and truthful
results.
Future research should also consider separating the use of variables including
parental education, parental income, and SES. Multicollinearity concerns were present in
this study due to using all three variables when predicting mathematical achievement.
Accurately capturing SES and presenting results may be preferred as SES encapsulates an
individual’s education, occupation, and income. However, when parental education and
income are separated, different results are potentially illuminated.
Finally, future studies that wish to determine any interaction effects between
bilingualism and positive attitudes or anxiety toward mathematics should consider using
balanced bilinguals determined by language proficiency tests or other methods and PAM
determined by an ATMI test. The link between a balanced bilingual’s differently
structured brain and the enhanced mind of an individual who has a positive attitude could
not be precisely captured in this study. A similar future evaluation to Chen et al. 's 2018
study could be performed on identified balanced bilinguals’ brains in search of different
engagements of specific parts of the brain that may affect increases in cognitive thinking
and mathematical achievement. This may expose additional gaps in the current research.
Summary
This chapter consisted of a summary of the statement of the problem with the
resulting key findings, a presentation of the conclusions and implications within the
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theoretical frameworks, a brief mention of the study’s practical implementations, and an
offer of limitations, recommendations, and suggestions for future research. In sum, this
study proved beneficial in the main focus areas. Although bilingualism was not a
significant positive predictor for mathematical achievement in the complete model, the
model which separated countries showed results supporting the influence of the bilingual
brain on mathematical achievement. A parent’s education and income were shown to be
extremely effective in influencing their child’s cognitive development and mathematical
achievement. This research serves to enhance the current literature and validate prior
theories. Finally, children possessing positive attitudes towards mathematics showed
higher mathematical potential, which may have exposed gaps in the current research.
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